INTRODUCTION
To date relatively pure mRNA species have been isolated by exploiting the fact that certain tissues are enriched uniquely in particular mRNA species . More recently the Immunoprecipitation approach has been 2 exploited with success . An alternative and promising approach to the isolation of mRNA involves affinity columns. Given the high probability that a mRNA sequence of 14 or more nucleotides (derived from an organism of genome size 10 -10 daltons) should be statistically unique and hence serve as a basis to distinguish it from otherwise indistinguishable mRNA species, and given the fact that only ££. 6 bases suffice to form a thermodynamically stable H-bonded complex with a cognate complementary sequence , an affinity column approach to mRNA isolation using a short
complementary DNA oligomer appears worth investigating. Suzuki and Brown have shown that the 2 major codons of Bombyx mori fibroin mRNA are GCU (alanine) and GGU (glycine) ' . Knowing the amino acid composition and sequence of the major peptides of silk fibroin it may be inferred that there is a very high degree of reiteration (ca. 2200) of the basic hexanucleotide -GCUGGU-within fibroin mRNA as well as within the gene itself as shown (schematically) below. This being the case, it appeared to us to offer a unique system whereby fibroin mRNA could be isolable by an affinity column. To do this It was necessary to synthesize chemically the DNA triplets complementary to GGU and GCU (namely ACC and AGC) polymerize them and anchor them to a solid support (e.g. cellulose). One should be able thereafter to separate out fibroin mRNA from a mixture by adjusting conditions so as to maximize H-bonds between fibroin mRNA in solution and the synthetic cDNA anchored to the solid phase as shown below, fibroin mRNA 5 
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Prior to attempting this it was decided to do a prototype synthesis and isolation involving oligo dC affinity columns since 50% of the bases of the reiterated hexanucleotide within the mRNA are in fact guanine. The synthesis and use of these prototype oligo dC cellulose affinity columns for the isolation of fibroin-mRNA is being reported elsewhere .
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.C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-PO CELLULOSE 8 Not withstanding the fact that Khorana's phosphodiester methodology for the chemical synthesis of DNA has enabled the de_ novo construction of 2 tRNA genes ; there is considerable interest presently in the phosphotriester approach ' , due chiefly to the ease of purifying the intermediates and to the higher yields attainable with this latter method. Accordingly the phosphotrlester method had been used to construct the hexanucleotide d(A-C-C-A-G-C).
MATERIALS
All deoxynucleosides were purchased from Sigma except dG which was from Calbiochem; before use they were checked for ribonucleoside traces using paper chromatography (solvent system: n-propanol/conc.NH_/.lM borate 55/10/35); the N-acylated nucleosides dbzA.danC and dacG were prepared according to published methods ; dimethoxytrityl chloride and 2,4,6-triisopropylbenzene sulphonyl chloride were purchased from Aldrich; para-chloropheByl phosphoryl dichloridate (pClPhPCl,) was prepared analog-13 ously to the preparation of fJ.B.B-trichloroethylphosphoryl dichloridate ; para-chlorophenyl phosphoryl ditriazolide (pClPhPT-) was prepared according to the published method 14 . Silica gel for column chromatography was Silica gel G ace. to Stahl (type 60) purchased from B.D.H. chemicals; TLC was done on silica gel plates purchased from Eastman (plastic-backed, #6060 with fluorescent indicator). Calf spleen phosphodiesterase and snake venom phosphodiesterase were purchased from Worthington; the latter enzyme was treated according to published procedures to minimize phosphomonoesterase contamination.
METHODS
Pyridine, stored and refluxed over CaH_, was distilled immediately before use and collected directly in the reaction flask; all other manipulations requiring anhydrous conditions were done inside a glove box (Kewaunee) under a dry N atmosphere. Thin layer and paper chromatography as well as nuclease digests were done as described elsewhere . Ultraviolet absorbance ratios of deprotected oligomers (in H.0, buffered at pH7-see Table 2 ) and of protected oligomers (in ethanol and/or chloroform)
were used routinely as one of a variety of methods (including paper and thin layer chromatography and nuclease digests) for assessing the purity of a given compound; the observed absorbance ratios were compared with those ratios calculated using established extinction coefficients . The TEA (100 ml) and applied to a silica gel column (3.5 x 14.5 cm, equilibrated with the same). After adsorption, the column was eluted with 300.
ml portions of CHC1 /MeOH with the % MeOH increasing from 1% to 8% in increments of 1%. The product emerged in the 3%-4% MeOH range; these fractions were pooled, concentrated, redissolved in CHC1, (100 ml) and danC.bzA, 0.9) after 8 hours showed CJJ.50% reaction-after 23 hours oa .
70%; hence after 28 hours the reaction was chilled in an ice bath and 40% aqueous pyridine (10 ml) containing 66 mmol TEA was added. The solution was concentrated to an oil, dissolved in CHC1, (400 ml), extracted with 0.1N TEAB (2x with 400 ml and 150 ml respectively), backwashed with CHC1.(15O ml) and the CHC1. solutions pooled and concentrated to an oil.
The latter was brought to a volume of 250 ml with CHC1./O.1% TEA: one half of the solution was applied to a silica gel column (4.5 x 16 cm, equilibrated with the same solution). After adsorption the column was eluted with 400 ml CHC1 , 500 ml CHC1 /McOH (96/4), 200 ml CHC1 /McOH (93/7) and 500 nil CHCl 3 /Me0H (90/10); all solutions were 0.25% in TEA.
The product, eluting in 4% MeOH, was concentrated to a gum, dissolved in CHC1 3 (1OO ml) and precipitated into petroleum ether (lit); 6 mmol of ' product (216,000 A--, units) was obtained, giving an overall yield of 67%.
Absorption maximum was 282 nm (in CHC1 TEA (15 ml) and applied to a silica gel column (4.5 x 7 cm, equilibrated with the same solvent); after adsorption, the column was eluted with 200 ml portions of CHCl./MeOH, with the % MeOH ranging from l%-6% in 1% increments-all of the solutions being 0.1% in TEA. The tetranucleotide containing fractions (in the 4% MeOH range) were concentrated, redissolved in CHC1-(20 ml) and precipitated into petroleum ether (400 ml). specively; after 24 hours the reaction was stopped by the addition of 2 ml 2N aqueous TEAB. The solution was concentrated to a gum, dissolved in CHC1 (55 ml), extracted with 0.1N TEAB (3x, 100 ml each time) and the CHC1, solution concentrated to a gum; the latter was dissolved in CHC1 / 0.2% TEA (50 ml) and applied to a silica gel column (3.5 x 10 cm, equilibrated with the same solvent). After adsorption, the column was washed with CHC1 /0.5% TEA (50 ml) followed by 100 ml portions of CHC1 /MeOH with the % MeOH beginning at 1% and proceeding to 9% in 1% increments and finally with 400 ml of CHC1 /MeOH (75/25)-all of the proceeding solutions contained 0.2% TEA. The elution profile of this column is shown in figure 2 ; the 1st peak containing the hexanucleotide product ((MeO) 2 Tr)dbzA.anC.anC.bzA.acG.anC, the 2nd peak the excess dinucleotide dacG.anC and the 3rd peak the unreacted tetranucleotide ((MeO) Tr)dbzA.
anC.anC.bzA-Cl<f>. Individual fractions from the 1st peak were concentrated to a gum, redissolved in CHCl_(£a.5 ml), precipitated into pretroleum ether ^ca.100 ml), the precipitate was collected by centrifuging at low speed, washed (ether) and dried under vacuum. Overall The 2nd peak anisic and benzoic acids; pyridine, also present, did not emerge until fraction #90; 2 ml/fraction collected every 2 minutes. Traces (10-15%) of shorter oligonucleotides were found in the hexanucleotide peak; these were separated on paper (n-propanol/N^/^O,55/10/35) before doing any analyses; the shorter oligomers arose presumably from random chain breakage during the NH3 deprotection of the hexanucleotide triester, since pretreatment of the latter with tetraethylammonium fluoride according to Ogilvie et_ aj.
1^ gave the desired hexanucleotide with less than 5% contamination by shorter oligomers. 
RESULTS and DISCUSSION
Generally speaking, it is our experience that the phosphotriester methodology for large scale DNA synthesis as described herein, is indeed, more feasible than the older phosphodiester methodology, considering the consistently higher yields achieved and faster purification of intermediates realized with the triester approach. As may be seen in Table 1 , the yields of both the 5' tritylation reactions and the 3' Table 1 this coupled reaction requires only 1-2 hours total. In fact, the hexanucleotlde d(A-C-C-A-G-C) has been synthesized recently using this 19 latter azole-promoted methodology exclusively . Whereas some degree of detritylation of reactants and products (ca.10%) is seen inevitably, using the methodologies herein described, this troublesome side reaction is virtually eliminated using the azole-promoted phosphotriester methodology which avoids the use of any sulfonic acid derivatives In Table 2 , good agreement between the observed and calculated uv spectral ratios for the hexanucleotide and various intermediates is obtained; likewise, as seen in Table 3 for .the dj.methoxytrityl/base absorbance ratios of the various protected nucleotides, good agreement is obtained.
Since these latter protected triesters are H ? 0 insoluble, their respective uv spectra must be taken in CHC1-or EtOH; especially in the case of danC derivatives, a pronounced shift in the absorbance -C-C-A-G-C Table 3 . Dimethoxytrityl/base absorbance ratios of protected oligodeoxynucleotides. Enzyme digests of the hexanucleotide and intermediates, as seen in Table 4, show good agreement between the calculated and found base ratios.
In general, it may be said that the affinity column approach to the isolation of pure species of mRNA using chemically synthesized cDNA ,16 quiring, moreover, some a priori knowledge of the target mRNA's internal nucleotide sequences, nevertheless can be expected in the future to contribute significantly to our knowledge of mRNA synthesis, transport, maturation and decay. Given the high degree of chemical discrimination implicit in the formation of stable nucleic acid duplexes, it is to be anticipated that this selectivity will be reflected in the high degree of purity of the polynucleotide species isolated by this technique, provided one has constructed an affinity column whose cDNA sequence is sufficiently unambiguous so as to select only the target molecules. In this context, poly dT or rU columns while useful as a means of preliminary purification, cannot, as such, provide enough discrimination so as to select out a unique sequence mRNA species, given the apparent frequency of poly A-terminated mRNAs. 20
Recently, Lizardi has constructed an affinity column for the isolation of fibroin mRNA by using a polynucleotide phosphorylase-produced random copolymer r(C. ? -A ) . This latter column appears to have good but not total specificity for fibroin mRNA in that 15. mori 18S rRNA is also bound to the column to a small degree (binding stoichiometry mRNA/ it is likely that acceptable amounts of fibroin mRNA will be isolable using the more completely homologous hexanucleotide d(A-C-C-A-G-C) n described herein, with n equivalent to only 1, 2, or 3.
One special advantage accruing from the use of affinity columns involving chemically (but generally not enzymatically) synthesized cDNA is the practicality of scaling up the chemical (but not the enzymatic) synthesis so as to produce mgm to gm quantities of the cDNA and hence ultimately of the target mRNA. By the same token, using this approach one should be able to isolate the (-) or nonsense strand of the fibroin gene itself, derived from the sheared or restriction endonuclease-cleaved Ih mori genome with its contiguous control regions. Another not-so-satisfactory aspect of enzyme-produced cDNA (or cRNA) is the fact that the chemical purity of the complementary polynucleotide to be used in the affinity column is largely a function of its template's purity; often, it is difficult to establish rigorously the homogeneity of the template molecules (other than that of their physical size). In addition to the above considerations, it is probable that this type of column has an important long-range value when used as a probe to monitor and isolate the transcripts of the fibroin gene into nascent precursor mRNA.
